This study investigated the clinical correlates and prognostic value of depressed baroreceptor-heart rate reflex sensitivity (BRS) among patients with heart failure (HF), with and without beta-blockade.
Background
Abnormalities in autonomic reflexes play an important role in the development and progression of HF. Few studies have assessed the effects of beta-blockers on BRS in HF.
Methods
The study population consisted of 103 stable HF patients, age (median [interquartile range]) 54 years (48 to 57 years), with New York Heart Association (NYHA) functional class ՆIII in 22, and with a left ventricular ejection fraction (LVEF) of 30% (24% to 36%), treated with beta-blockers; and 144 untreated patients, age 55 years (48 to 60 years), with NYHA functional class ՆIII in 47%, and an LVEF of 26% (21% to 30%). They underwent BRS testing (phenylephrine technique).
Results
In both treated and untreated patients, a lower BRS was associated with a higher (ՆIII) NYHA functional class (p ϭ 0.0002 and p Ͻ 0.0001, respectively); a more severe (Ն2) mitral regurgitation (p ϭ 0.007 and p ϭ 0.0002), respectively; a lower LVEF (p ϭ 0.0004 and p ϭ 0.001, respectively), baseline RR interval (p ϭ 0.0004 and p ϭ 0.0002, respectively), and SDNN (p Ͻ 0.0001, p ϭ 0.002, respectively); and a higher blood urea nitrogen (p ϭ 0.004, p Ͻ 0.0001, respectively). Clinical variables explained only 43% of BRS variability among treated and 36% among untreated patients. During a median follow-up of 29 months, 17 of 103 patients and 55 of 144 patients, respectively, experienced a cardiac event. A depressed BRS (Ͻ3.0 ms/mm Hg) was significantly associated with the outcome, independently of known risk predictors and beta-blocker treatment (adjusted hazard ratio: 3.0 [95% confidence interval: 1.5 to 5.9], p ϭ 0.001).
Conclusions
Baroreceptor-heart rate reflex sensitivity does not simply mirror the pathophysiological substrate of HF. A depressed BRS conveys independent prognostic information that is not affected by the modification of autonomic dysfunction brought about by beta-blockade. An impairment of baroreflex control of heart rate is a prominent characteristic of the heart failure (HF) syndrome (1) . Although in the traditional pathophysiological model of HF, vagal withdrawal and sympathetic activation are initiated by the arterial baroreflex, a cause-and-effect relationship between baroreflex dysfunction and increased sympathetic activity has not been established. Other possible mediators include sympatho-excitatory reflexes and humoral factors. Recent evidence suggests that central mechanisms that rely on angiotensin II and nitric oxide might play a pivotal role (2) .
We and others (3) (4) (5) found that reduced baroreceptor-heart rate reflex sensitivity (BRS) in HF patients is a powerful and independent predictor of prognosis in multivariate analysis. These data were mainly obtained at a time when the use of beta-blockade in HF was very uncommon. The observed mortality benefits of long-term beta-blockade in HF are largely based on antiadrenergic effects that do not alter the underlying abnormalities of control but rather mitigate the end-organ results of disordered control (6) . Few studies have assessed the effects of beta-blockade on BRS in HF patients (7, 8) .
We therefore thought that it would be of interest to re-examine whether the more widespread use of beta-blockers in HF might affect the prognostic value of BRS testing. The possibility might exist that the prognostic value of BRS could be less following the reversal of autonomic dysfunction and slower heart rate brought about by beta-blockade. Thus, we planned a retrospective analysis of our prospectively collected database to evaluate the clinical correlates and outcome of BRS in patients treated by beta-blockade (for at least 3 months) and who continued receiving beta-blockers thereafter during prolonged follow-up, as compared with patients who were not receiving beta-blockade.
Methods

Study patients.
Of 471 patients in sinus rhythm and moderateto-severe HF consecutively referred to our HF unit from January 1996 to August 2002, 349 were in stable clinical condition and receiving optimal therapy. Sixty-two patients were excluded because of incomplete clinical data. Of the remaining patients, 103 were and 144 were not receiving beta-blockers at the time of BRS assessment and continued thereafter during follow-up. Forty subjects were excluded because they were under betablocker titration at the time of BRS assessment or because they began the treatment after the test. This led to a final sample of 247 cases available for the study.
All patients gave written informed consent, and the study was approved by the local Ethics Committee. Methods and follow-up. Baroreceptor-heart rate reflex sensitivity was assessed by the phenylephrine test as previously described (9) . Within 1 week from the autonomic evaluation, standard clinical and laboratory examinations, including 2-dimensional echocardiography, cardiopulmonary exercise testing, 24-h Holter recording, and routine blood tests, were performed. During follow-up, patients were periodically re-evaluated and hospitalized if clinically unstable. The date and mode of death, as well as information regarding transplantation, were accurately investigated. Statistical analysis. Comparisons between groups were performed by the ANOVA, Mann-Whitney U test, or chi-square test when appropriate. The correlation between BRS and continuous variables was assessed by Spearman rank-correlation coefficient.
To assess the association between BRS (considered a dependent variable) and clinical variables (considered explanatory variables), we carried out a multiple regression analysis in treated and untreated patients separately. Because of their skewed distribution, BRS measurements were logtransformed. Nonsignificant variables were eliminated by a backward elimination procedure at the 0.15 significance level.
The end point of survival analysis was total cardiac death, including appropriate and documented implantable cardioverter-defibrillator (ICD) discharge, or urgent transplantation.
Survival analysis was carried out by merging the 2 groups of patients. The BRS was dichotomized according to the pre-selected cutoff value of 3 ms/mm Hg, which has been used in most previous studies on the prognostic significance of BRS in cardiac disease patients (9) .
A Cox proportional hazards prognostic model based on known risk factors was developed considering as potential predictors age, ischemic cardiomyopathy, New York Heart Association (NYHA) functional class, systolic arterial pressure (SAP), left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), blood urea nitrogen (BUN), serum sodium, peak VO 2 , standard deviation of all normal-to-normal intervals (SDNN), ventricular arrhythmias on 24-h Holter recordings, and beta-blocker therapy (yes/no). Less predictive variables were eliminated by a backward elimination procedure at the 0.15 significance level. The BRS was then entered in the selected model together with a beta-blocker treatment-by-BRS interaction term to test whether the relationship between BRS and mortality changed between treated and untreated subjects.
Survival curves were estimated by the Kaplan-Meier method and compared by the log-rank test.
Descriptive statistics are given as median and interquartile range (IQR). All analyses were performed using the SAS/STAT statistical package, release 8.02 (SAS Institute, Cary, North Carolina).
Results
Demographic and clinical characteristics of the 103 treated and 144 untreated patients are given in Table 1 . The BRS was more than double in treated patients: 5.1 (IQR 2.1 to 10) ms/mm Hg versus 2.0 (IQR 0.5 to 5.0) ms/mm Hg (p Ͻ 0.0001). Clinical correlates of BRS. The correlation of BRS with clinical variables was very similar in both treated and untreated patients. Indeed, BRS was significantly depressed in patients with higher NYHA functional class and more severe mitral regurgitation, whereas no difference was observed according to the underlying etiology or the presence of nonsustained ventricular tachycardia (NSVT) ( Table 2 ). Although highly significant, weak-to-modest correlations were observed between BRS and LVEF, SDNN, ventricular premature contractions (VPCs), baseline RR interval, and BUN (r s ϭ 0.34, p ϭ 0.0004; r s ϭ 0.52, p Ͻ 0.0001; r s ϭ Ϫ0.22, p ϭ 0.02; r s ϭ 0.34, p ϭ 0.0004; r s ϭ Ϫ0.28, p ϭ 0.004) among treated patients. Similar values were also found for untreated patients except for VPCs (r s ϭ 0.27, p ϭ 0.001; r s ϭ 0.26, p ϭ 0.002; r s ϭ Ϫ0.09, p ϭ 0.27; r s ϭ 0.30, p ϭ 0.0002; r s ϭ Ϫ0.42, p Ͻ 0.0001).
Thirty-two (31%) of the treated patients and 92 (64%) of the untreated patients had depressed BRS (i.e., Ͻ3 ms/mm Hg). pressed BRS had more severely compromised clinical and laboratory data, except for the incidence of NSVT. When multiple regression analysis was carried out to assess the association between BRS and clinical variables among treated patients, we found that LVEDD, baseline RR interval, peak VO 2 , SDNN, VPCs, BUN, and serum sodium were significant and independent predictors (Table 4) , accounting for 43% of BRS variability. All other variables were largely nonsignificant (p Ͼ 0.28). The model for untreated patients is reported in the same Table 4 . For these patients, significant predictors were NYHA functional class, LVEDD, baseline RR interval, VPCs, BUN, serum potassium, and NSVT, accounting for 36% of BRS variability. Prognostic value of BRS. During a median follow-up of 29 months (range 0.4 to 60 months), 17 treated patients (17%) experienced a cardiac event (including 1 urgent transplantation and 1 ICD discharge), whereas the event rate rose to 38% (55 of 144, including 6 urgent transplantations and 3 ICD discharges) among untreated patients. Zero noncardiac deaths and 6 elective transplantations occurred in treated patients, whereas these figures were 5 and 24, respectively, among untreated patients.
The BRS was markedly lower in the patients with a worse outcome: median 2.0 ms/mm Hg (IQR 0.3 to 4.0) versus 6.0 ms/mm Hg (IQR 3.1 to 10) (p ϭ 0.003) for treated patients and 1.6 ms/mm Hg (IQR 0.5 to 3.0) versus 2.3 ms/mm Hg (IQR 0.7 to 6.5) (p ϭ 0.023) for untreated patients. Among treated patients, the 5-year death rate was 53% (95% confidence interval [CI]: 29% to 78%) among patients with a BRS Ͻ3 ms/mm Hg, lowering to 14% (95% CI: 2% to 25%) among patients with a more preserved BRS (p Ͻ 0.0001). In untreated patients, the death rate was 82% (95% CI: 67% to 97%) among patients with depressed BRS and 42% (95% CI: 23% to 61%) among patients with a more preserved BRS (p Ͻ 0.0001). Corresponding Kaplan-Meier survival curves are shown in Figure 1 . Continuous variables are expressed as median (lower quartile-upper quartile). ACE ϭ angiotensin-converting enzyme; BRS ϭ baroreceptor-heart rate reflex sensitivity; BUN ϭ blood urea nitrogen; HF ϭ heart failure; LVEDD ϭ left ventricular end-diastolic diameter; LVEF ϭ left ventricular ejection fraction; LVESD ϭ left ventricular end-systolic diameter; NSVT ϭ nonsustained ventricular tachycardia; NYHA ϭ New York Heart Association; SDNN ϭ standard deviation of normal-to-normal RR intervals; VPC ϭ ventricular premature contraction. Table 5 shows the characteristics of surviving (n ϭ 175) and deceased (n ϭ 72) patients in the entire population. The patients who died were older and had higher NYHA functional class, reduced peak VO 2 , and worse LV function and blood chemistry.
Among clinical variables, NYHA functional class, LVEDD, BUN, and beta-blocker treatment were identified as those with the highest joint predictive value (p ϭ 0.01, p ϭ 0.0001, p ϭ 0.003, and p Ͻ 0.0001, respectively). All other variables were nonsignificant (p Ն 0.28). Taken alone, a BRS Ͻ3 ms/mm Hg showed a highly significant association with an increased risk of cardiac death with a hazard ratio of 5.2 (95% CI: 3.1 to 8.99) (p Ͻ 0.0001). When BRS was entered into the clinical model, a significant association with the outcome was maintained with a hazard ratio of 3.0 (95% CI: 1.5 to 5.9) (p ϭ 0.001). As shown in the final model results of Table 6 , the interaction between betablocker treatment and BRS was nonsignificant, suggesting that the predictive value of BRS did not change between treated and untreated subjects.
Discussion
This study shows that an impaired baroreflex plays an important role in the prediction of outcomes in HF patients even in the presence of beta-blockade, thus suggesting that Abbreviations as in Table 1 .
Clinical Correlates of BRS Measurements in Treated and Untreated Patients
Demographic, Clinical, and Functional Characteristics According to BRS <3 or >3 ms/mm Hg in Patients Treated and Untreated With Beta-Blockers modification of autonomic dysfunction by beta-blockade does not affect the predictive value of BRS. BRS and beta-blockade. The ability of beta-blockade to increase BRS in different patient populations, independent of the particular beta-blocker used, is well known (10, 11) . However, differences have been observed between nonselective versus beta-1 selective blockade on cardiac norepinephrine spillover (CNES) in HF patients (12) . We could not differentiate between different beta-blockers in our study, as 90 of 103 patients were treated with the nonselective agent carvedilol.
Mechanisms by which beta-blockade might increase BRS in HF are poorly understood. Both hemodynamically mediated effects and direct effects related to betaadrenoreceptor blockade are likely to be involved. Changes in systolic function and in carotid pressure could be responsible, at least in part, for the improvement in baroreflex function.
Complex interactions do occur between the sympathetic and the renin-angiotensin system in HF. Compelling physiologic arguments and experimental data suggest that betaadrenergic blockade may inhibit renin secretion, thereby contributing to the overall benefits of such interventions (2) .
In a case-control study in 19 patients with HF (8), it was found that 4-month beta-blockade decreased CNES and increased BRS vagal control of heart rate but had no significant effect on muscle sympathetic nerve activity (MSNA). Higher BRS was correlated with lower CNES. A withdrawal of the inhibitory effects of excess cardiac norepinephrine release on vagal modulation of sino-atrial discharge, rather than an augmentation of afferent or central components of the baroreflex arc, has been claimed as a likely explanation. However, the interpretation of this study might be questioned because the conclusion that betablockers affected only heart rate control and not MSNA could be driven by the small number of subjects and because MSNA may not reflect reflex sympathetic outflow to other important areas such as the kidneys. Indeed, recent data (13) support a direct central sympatho-inhibitory effect of betablockade. Clinical correlates of BRS. These results confirm and extend our early findings (4) on the relationship between BRS and clinical and functional deterioration.
To determine the extent to which BRS reflects the presence (and degree) of the pathological substrate of HF, we analyzed predictors of BRS in both the treated and untreated state. It is well recognized that "physiologic" factors exert a major influence on BRS. In 1,134 healthy volunteers, Kardos et al. (14) found that age, heart rate, systolic and diastolic blood pressure, sex, body mass index,
Figure 1 Survival Curves
Kaplan-Meier survival curves according to dichotomized baroreceptor-heart rate reflex sensitivity (BRS) in patients (A) taking and (B) not taking beta-blockers. and smoking were independent "physiologic" predictors of BRS, accounting for close to 50% of the interindividual variability. The majority of these "physiologic" factors were also taken into account in our regression analysis, which included "pathologic" determinants (NYHA functional class, LV function, and arrhythmias) strictly linked to the degree of HF. Similarities and differences in the 2 models predicting BRS in treated and untreated patients are noteworthy. First, the models shared more than 50% of observed significant predictors (4 of 7 variables in the 2 models are the same). Besides LV function and ventricular arrhythmias, the association with BUN was not affected by betablockade, thus focusing on the meaningful role of diminished renal function in HF (15) . Moreover, it is of interest that NYHA functional class, the most important independent predictor in untreated patients, was no longer a predictor of BRS in treated patients (p ϭ 0.45). The relationship between BRS and baseline RR interval (14) seemed to have been blunted by the beta-blocker treatment, because although the significance remained in the multivariate model, it was only borderline compared with the untreated state (Table 4) . This is particularly relevant, as it has been questioned (16) whether the "intrinsic" autonomic effect of a drug with a marked potential to slow heart rate, when assessed without adjusting for the heart rate change, may be artificially overestimated because of bradycardia . All the variables listed in Table 4 accounted for Ͻ50% of the interindividual variation in BRS, thus providing a limited explanation of the wide scatter of BRS in our population of HF patients. Other factors not included in the present analysis (e.g., right atrial pressure, pulmonary pressures, and so on) would likely have increased the model's predictive ability. By contrast, the intriguing possibility that the autonomic balance may be influenced by genetic factors (17) deserves consideration in future studies. Another factor (difficult to quantify) is the reduction in BRS resulting from arousal or anxiety (18) . Prognostic value. The prognostic value of BRS was well established in an era when the use of beta-blockade in HF was very uncommon. In 282 patients studied between 1992 and 1996 (beta-blocker treatment Ͻ10%), we demonstrated (4) that in a multivariate model including NYHA functional class, peak VO 2 , LVEF, and mean 24-h RR interval, BRS provided independent prognostic information. We have extended these observations by comparing patients who were receiving beta-blockers at the time of BRS assessment and continued during follow-up with those who were never treated over the study period. Abbreviations as in Table 1 .
Results From Multiple Regression Analysis
Assessing the Association Between Clinical and Functional Covariates and BRS
Results of Cox Proportional Hazards
Multivariate Regression Analysis (n ‫؍‬ 247) Beta-blocker*BRS ϭ interaction between beta-blocker and BRS. CI ϭ confidence interval; other abbreviations as in Table 1 .
mias as potential risk factors, and testing the interaction between beta-blockers and BRS, BRS was significantly associated with a poor outcome, with an adjusted hazard ratio of 3.0 (95% CI: 1.54 to 5.89) ( Table 6) . These results support the importance of renal dysfunction in patients with HF (15) by showing that both BRS and BUN were independent predictors. It is noteworthy that BRS significantly predicted cardiac mortality in patients with chronic renal failure (19) .
Specific aspects of the association between BRS and mortality among treated patients deserve comment. In patients with depressed BRS, baseline RR interval was significantly lower, and these patients were also in worse clinical status, thus raising the possibility that a beta-blocker was used to a lesser extent. However, this was not the case, as the median dosage of the drug was not different in the 2 groups with preserved and depressed BRS (data not shown). Patients with depressed BRS may respond less than optimally to a beta-blocker or may require higher doses to offset the risk associated with a depressed BRS. Variability in the response to a beta-blocker may also be responsible for the difference in BRS and in prognosis. A recent study (20) suggests that specific genotypes are associated with survival benefits and improved LVEF. Studies are needed on the correlation between beta-adrenoreceptor polymorphisms and BRS. Study limitations. A possible limitation of this study is the relatively small sample size of treated patients and the retrospective analysis. However, the study was carried out on a prospectively collected database, and the patients were included only if they had BRS testing after adequate beta-blocker titration.
Conclusions
This study shows that BRS testing remains a valid tool in HF patients during treatment with beta-blockade. Clinical and functional variables independently related to BRS explained Ͻ50% of the variability of BRS in both treated and untreated patients, thus suggesting that BRS does not simply mirror the pathophysiological substrate of HF. The reversal of autonomic dysfunction brought about by betablockade did not alter the predictive value of BRS. Accordingly, a depressed BRS remains a significant predictor of adverse prognosis in HF in the beta-blocker era.
